The purpose of this paper is to investigate changes of China's agri-food exports to Germany caused by China's accession to WTO and the global financial crisis in a quantitative way. The paper aims to detect structural breaks and compare differences before and after the change points. The structural breaks detection procedures in this paper can be applied to find out two different types of change points, i.e. in the middle and at the end of one time series. 
1
In summary, this paper's main contribution is introducing two statistical algorithms for detecting different kinds of structural breaks in the middle part and at the end of a short time series, respectively, which work well in practice. Application to China's exports to Germany and China's market share in agri-food products indicates that significant structural breaks in 2002 and 2009 were caused by China's accession to WTO and the financial crisis, respectively. Further analysis based on time series and regression models shows that the development of China's exports to Germany in agri-food products has quite different features in different sub-periods. Before 1999, there is no significant relationship between China's exports to Germany and Germany's imports from the world. Between 2002 and 2008 the former depends on the latter very strongly, and China's exports to Germany developed quickly and stably. It decreased however suddenly in 2009, caused by the great reduction of Germany's imports from the world in that year. But China's market share in Germany still had a small gain instead of loss. Analysis of two categories in agri-food trade also leads to similar conclusions.
The rest parts of the paper is organised as follows. Section 2 will describe two statistical procedures in detail, which are for structural break detection in the middle part and at the end of a short time series, respectively. Section 3 will apply the first method to find out structural breaks for all cases, then analyze the short-term impact of China's accession to WTO on its agri-food exports to Germany. Section 4 will further discuss the long-term impact of China's accession to WTO based on time series and regression models to compare the change of relationship between two sub-periods. Section 5 will analyze the different impacts of the 2008 financial crisis on export value and market share, and briefly discuss the change of trade relationship before and after this important event. Some concluding remarks will be given in Section 6.
Structural break detection 2.1 Structural break detection in the middle part
Different techniques for detecting structural breaks in linear regression are introduced in the literature. Two well known proposals are e.g. the CUSUM test (Brown et al., 1975) and the BaiPerron approach Perron, 1998, 2003) . The former is particularly well studied and widely used (see e.g. Kramer et al., 1988 and Sibbertsen, 2002) . However, these approaches are not suitable for detecting a partial change point considered in this paper. Hence, a procedure based on rolling dummy variables is proposed for detecting jumps either in the intercept or in the slope while keeping the other parameters constant. This idea is also widely applied in the literature. For instance, Harvey and Mills (2005) employ intercept and trend dummy variables in their study on common features in G7 macroeconomic time series. Jimenez- Rodriguez and Sanchez (2005) assess empirically the impact of oil price shocks on the real GDP growth of some OECD countries by means of rolling dummy variables. And Brown and Burdekin (2000) and Weidenmier (2002) use this technique to detect the turning point due to the US civil war. Similarly, a simple procedure is first proposed in this paper to detect an unknown time point in the middle part of an economic time series with a possible structural break caused by some economic event and to quantify its short-term impact. Long-term impact in some sense can also be found. An advantage of this procedure is that the change point, the type and the size of jump, and the p-value can all be estimated at the same time.
Assume that the time series Y t , t = 1, ..., n, follows the model:
where t are independent identically distributed (i.i.d.) normal random variables with t ∼ N(0, σ 2 ) and f (t) is a deterministic regression function. Furthermore, it is assumed that f (t) is continuously differentiable until a suitable order except for an unknown change point at T 0 , where either
) represent the jump in f (t) and f (t), respectively. Then ∆ L = 0 stands for a change point with a level-shift and ∆ R = 0 for a change point with a rate-shift. In this paper only one chagne point in the middle part of the time series with either a level-shift or a rate-shift is considered, because the time series under consideration are relatively short. The size of jump will be simply denoted by ∆, which is either ∆ L or ∆ R , depending on the type of the structural break.
For detecting the change point, we propose the use of a suitable parametric regression model with only a single rolling dummy variable either for the intercept or for the slope. Let D L tk and D R tk denote the rolling dummy variables at some time point k for the intercept and for the slope, respectively. It is assumed that the true model is either
where
is a general linear model with unknown parameter vector β. If the sample size is large enough, a model with both rolling dummy variables or with rolling dummy variables corresponding to all regressors can be employed.
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Note that level-shift and rate-shift are only distinguishable at k = 3, ..., n − 2, which are the values of k to be considered in this paper. The obtained coefficients of the dummy variablesγ(k) andθ(k) are the estimated jumps in the intercept and in the slope, respectively. Let RSS L (k) and RSS R (k) denote the residual sums of squares under Models (2) and (3), respectively. The detected change point is then given bŷ
Furthermore, denote the detected change points under Models (2) . If the partial p-value of the estimated size of jump is smaller than the given significance level α with e.g. α = 0.05, the null hypothesis of no structural break will be rejected and therefore implies the existence of a significant structural break in the time series. Otherwise it means that no structural break is detected.
Remark 1. The proposed structural break detection procedure has very nice theoretial properties.
Under regulartiy conditions it can be shown that this procedure is consistent (as σ 2 → 0 for fixed n), such that: 1. The detected type of change point is correct in probability; 2. P (T 0 = T 0 ) → 1 and 3. For any > 0,
Remark 2. The procedure is proposed for detecting a partial change point in a small sample.
The decision rule is similar to that defined in (6) and (7) of Zeiles et al., (2003) . Hence there is a close relationship between the current procedure and the approach of Perron (1998, 2003) .
But our proposal allows us to detect coefficient breaks of certain regressors. If rolling dummy variables for all regressors are introduced, the approach becomes a special case of that of Bai and Perron with only one change point. See also Zeiles et al. (2003) .
Remark 3. In practice the type of jump can be wrongly detected. If a level-shift is detected as a rate-shift, we will haveθ(T 0 ) ≈ γ(T 0 )/T 0 . If a rate-shift is detected as a level-shift, we will havê Guo et al. (2011) proposed to use a second order polynomial as in the first step. It is however found that, in most of the cases, some of the coefficients are insignificant and the fitted models are unstable, because now the number of observations is much smaller than that in the first step. Hence we propose to choose the well known Box-Cox model for the sub-series in the second sub-period under the function form:
Structural break detection at the end
where n f and n s are the numbers of observations in the first and second sub-period, respectively.
In Sections 3.2 and 4.2 we will see that this Box-Cox model is also very suitable for analyzing the trade relationship between China and Germany. For simplicity, λ will be chosen from λ = 0, 0.25, 0.50,..., 2, by minimizing the RSS (residual sum of squares). Here, the use of the RSS is equivalent to the use of the AIC (Akaike's information criterion) or BIC (Bayesian information criterion). Under the null-hypothesis of no structural break in the future, we can extend Model (5) to the next time point. Under the normality assumption, a corresponding prediction interval with cover probability 1 − α can also be calculated for the given α . A level-shift at the confidence level exists, if the observation of 2009 lies outside this prediction interval.
A possible rate-shift caused by the financial crisis cannot be detected, because now there is only one observation after 2008. This idea is closely related to the well known "leave-one-out" rule and can also be applied to detect some outliers in the middle part of a time series. The proposed method can also be adapted for the detection of a possible rate-shift at the end of a time series.
This will not be discussed here, because we are mainly interested in whether the past financial crisis did cause some level-shift in a time series under consideration or not. and Y 2 for China's exports to Germany in the total agri-food products and in the two categories, respectively, and S, S 1 and S 2 for China's market share accounting for Germany's imports from the world in the corresponding series.
For implementation of the proposed structural break detection procedure in Section 2.1, codes in the programming language R are developed and first applied to all examples from 1994 to 2008.
For simplicity, we assume that f 0 (t; β) is a second order polinomial. The main reason is that a simple linear regression may cause clear misspecification and a more complex regression model may suffer from a very large sample variation, because the sample size is not large enough. Here the role of t 2 in fitted models is to determine if the shape of the curve is concave or convex, and to correct the growth rate together with the t term. Note that the detected year with a change point is the beginning of the second sub-period. Table 1 , where the finally chosen results are highlighted in bold.
The proposed procedure works very well in practice. In all cases we haveT L 0 =T R 0 , except for Y , where the detected change point in the level occurred three years later than that in the growth rate with a slightly larger RSS (and hence a slightly larger partial p-value). Following the proposed method,T 0 =T L 0 = 9 with a level-shift is chosen. By means of a further diagnose procedure it can be shown that the other time point t = 6, corresponding to the year 1999, might exhibit another change point. But this wil not be further discussed. From Table 1 we can see, Y exhibits a significantly negative level-shift of -201.8 million US dollars in 2002, and S is dominated by a rate-shift with a coefficient of -0.0002 for t = 9, ..., 15, which correspond to the years from 2002 to 2008. The difference between a level shift and a rate-shift is that the impact of a levelshift stays constant after the change point, but that of a rate-shift becomes larger and larger (in absolute value). Furthermore, we haveT 0 * θ(T 0 ) ≈γ(T 0 ) in all cases (see Remark 3 in Section The detected change points in all cases are also displayed in Figure 1 together with the estimated models (solid curves) and the observations (stars), where the detected position of break is indicated by a verticcal solid line and the type of change points by a letter "L" for level-shift or "R" for rate-shift. Also, the significance level is indicated by "*" or "**" for α = 0.05 or α = 0.01, respectively. We see, the model fits the data in all cases very well.
As we all know, China's accession to WTO in 2001 is such a milestone that this economic event has affected China's export performance from then on (Rees and Tyers, 2004) . Four of the change points detected in the series under consideration occurred directly after that year and the other two also happened near to this remarkable event. Looking at the above Models (6) and (7), the significant level-or rate-shifts in Y and S indicate that China's accesstion to WTO first caused a negative impact on its exports to Germany in agri-food products. But its long-term impact was clearly positive. Firstly, the growth rate of Y and S became higher and higher after 2002. The structural break detection used above is based on the assumption that the errors ( t ) are i.i.d. normally distributed. In the following we will show that two conditions of this assumption, namely that t are normally distributed and independent of each other, are about fulfilled by all 8 data sets used above. The question, whether t are identically distributed, will not be discussed because of the small sample size. For this purpose, the well known Jarque-Bera (JB) test of normality and Durbin-Watson (DW) test of serial correlation are carried out. In particular, the test results of correlation are further confirmed by correlograms. The corresponding figures are omitted to save space.
The results of the JB test are given in the upper part of Table 2 . We see that in all cases the p-values are much greater than 5%. That is the errors in all of the cases are about normally distributed. The results of the DW test are listed in the lower part of Table 2 . We can see that the p-values are also clearly bigger than 5% for all series except for Y with a p-value 0.0466, which is slightly smaller than 5%. That is the assumption of no serial correlation in the errors, equivalent to the assumption of independence for normal processes, is acceptable in most of the cases. In addition, the correlogram shows that the serial correlation in the residuals of Y is insignificant at the 5% level. Hence the errors in this case are also about independent.
Change of relationship due to China's accession to WTO
Furthermore, the development patterns of China's exports to Germany before and after the detected change points are clearly different. To show this we can fit two regression models to the first and second sub-periods and compare the fitted models to explore the long-term impact of China's accession to WTO on its agri-food exports to Germany. There are two types of models mainly being discussed in this paper. One is time series models based on China's exports to Germany itself, and the other is regression models based on Germany's imports from the world.
Models based on China's exports to Germany
The selection process of the models in both sub-periods is the same as the Box-Cox model, i.e.
Model (5) 
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for the second sub-period with r 2 = 0.9960 and p = 3.472 * 10 −7 . It is clear that the two models selected are quite different. The first is not significant and the second is very highly significant with a p-value which is practically zero. This kind of change caused by China's accession to WTO varies from one example to another. But a common fact is that the level of significance of all models for the series related to China's exports to Germany in the second sub-period is much higher than that for the corresponding models in the first sub-period. According to the selection process, like Y , the corresponding equations for Y 1 , Y 2 in the two sub-periods are as follows: 
for the second sub-period with r 2 = 0.9772 and p = 3.733 * 10 −6 .
Note that the level of significance for these models of China's market share in the second subperiod is also higher than that for the corresponding models in the first sub-period. According to the above models, for example, the growth rate of China's market share in total agri-food products from 1994 to 2001 is 0.00014t, which becomes 0.0013 from 2002 to 2008. We see that,
in the second sub-period, the growth rate of China's market share in total agri-food products increases in a linear way. We also see that this development is even not affected so much by the financial crisis. Furthermore, two common features are that China's market share in the second sub-period increases steadily and its growth rate is still faster than that in the first sub-period, which again confirms the positive long-term impact of China's accession to WTO.
Because the models in the second sub-period are for the structural break detection at the end of a short time series in Section 5, we need to test if the errors are from normal distribution and independent of each other. Hence the Jarque-Bera and Durbin-Watson test in R are carried out.
The test results are listed in Table 3 : From Table 3 , we find that the errors of chosen models are all from normal distribution. Furthermore, the results of Durbin-Watson test show that the null hypothesis, i.e. the errors are independent cannot be rejected for all cases at the significance level 5% except the model for Y and S 2 , which cannot be rejected at the significance level 1% due to extreme values. Based on the results of Jarque-Bera and Durbin-Watson test, it indicates that this method is correct and has solid theoritical foundation. All the models are selected so that they are optimal. It is very clear that all of the selected models have a quite close relationship with detected change points.
Models based on Germany's imports from the world
Furthermore, the development pattern of China's exports to Germany before and after China's accession to WTO is clearly different. To show this we can fit two regression models of China's exports to Germany on Germany's imports from the world to the data for the first and second sub-periods separately and compare the fitted models. This will also help us to explore the longterm impact of China's accession to WTO on its exports to Germany. In both sub-periods Model (5) is applied, but with the observation time being replaced by corresponding values of Germany's imports from the world, where λ is again selected from 0, 0.25, 0.5,..., 1.75 and 2. This is again an application of the Box-Cox model.
According to the structural break detection procedure described in Section 2.1, the detected change points for the related series of Germany's imports from the world are displayed in Figure   3 
with r 2 = 0.9908 and p = 2.73 * 10 −6 .
Analogously, the selected models for Y 1 and X 1 , and Y 2 and X 2 are given as follows:
for the first sub-period with r 2 = 0.07928 and p = 0.5888.
for the second sub-period with r 2 = 0.9816 and p = 1.577 * 10 −5 .
13 ŷ 2t = 98.98 − 0.000198x 2 2t , t = 1, ..., 6, for the first sub-period with r 2 = 0.007828 and p = 0.8676.
for the second sub-period with r 2 = 0.9978 and p = 3.32 * 10 −9 .
In addition, the results of Jarque-Bera and Durbin-Watson test for the three models in the second sub-period are given in Table 4 . It shows that all errors are from normal distribution and independent of each other. Table 5 . Taking Y as an example, the observation of 2009 is 1457 million, which is much less than the predicted lower limit 1730 million at the 1% confidence level. Then taking S as another example, the observation of 2009 is 1.84%, which falls within the prediction intervals at the 5% confidence level. To make the analysis more complete, the resluts of Germany's imports from the world are also displayed in Figure 3 ( b) , (d) and (f) in Appendix. It indicates that for both total agri-food products and its two categories, not only China's exports to Germany but also Germany's imports from the world exhibit very highly significant structural breaks due to the 2008 financial crisis, which implies that this remarkable economic event indeed had a significant negative short-term impact on international trade.
Change of trade relationship before and after the financial crisis
Moreover, the change of the trade relationship between China and Germany before and after the 2008 financial crisis is also worthy of further exploration. The relationship between China's exports to Germany and Germany's imports from the world in total agri-food products and its two categories are displayed in Figure 2 
Concluding remarks
In summary, this paper conducts a very detailed ananlysis of chagnes of China's exports to Germany in agri-food products caused by its accession to WTO and the 2008 financial crisis. Firstly, applying the proposed procedure introduced in Section 2.1, we detect the structural breaks in the middle part of all series caused by remarkable economic events, e.g. China's accession to WTO in 2001. From the results, we know that China's accession to WTO often has had a negative short-term impact on its exports to Germany, including export value and marker share. And then in order to further discuss the long-term impact of China's accession to WTO, two types of models are fitted, which can be used to show changes of relationship before and after the detected change points. The regression models show that the development of China's exports to Germany in agrifood products has quite different features in different sub-periods. Moreover, the dependence level between China's exports to Germany and Germany's imports from the world has become much more significant after China's accession to WTO, not only in total agri-food products but also in the two categories. The former depends on the latter very strongly. Therefore, the long-term impact of China's accession to WTO is clearly positive. Following the method discribed in Section 2.2, the 2008 financial crisis is also a significant structural break. Such event has greatly reduced China's exports to Germany in agri-food products. However, China's market share was not affected at all but showed a slight rise. It indicates that the relationship of agri-food trade between
China and Germany was developing stably. 
